Fas-mediated apoptosis plays an important role in the immune system, including the elimination of autoreactive lymphoid cells. The Fas-mediated signaling pathway is classified into two types, type I and type II, in human lymphoid cell lines. We investigated whether a humanized anti-human Fas mAb, R-125224, has cell selectivity in induction of apoptosis. R-125224 induced apoptosis in H9 cells, SKW6.4 cells and activated human lymphocytes when cross-linked with anti-human IgG. On the other hand, R-125224 did not induce apoptosis in HPB-ALL cells, Jurkat cells or human hepatocytes. By analysis of death-inducing signaling complex formation, it was demonstrated that R-125224 induced apoptosis selectively in type I cells but not in type II cells. Type I cells also expressed more Fas and had more Fas-clustering activity than type II cells. Moreover, co-localization of these clusters and GM1, which is an sphingoglycolipid associated with lipid rafts, was detected. It was also shown that R-125224 treatment could reduce the number of activated human CD3
Introduction
Ligation of Fas (CD95) with agonistic antibodies or Fas ligand (FasL) induces apoptosis in several types of cells (1) (2) (3) . Fasmediated apoptosis plays an important role in the immune system, including the elimination of autoreactive lymphoid cells (4, 5) . In mice, lymphoproliferation disorder is caused by a mutation of the Fas gene (6) , and impaired Fas signaling is partly responsible for defective T cell apoptosis in autoimmune disease models (7, 8) . Moreover, mutations of the human Fas gene led to impaired apoptosis observed in human autoimmune lymphoproliferative syndrome (9) .
Among members of the death receptor family, such as Fas, tumor necrosis factor (TNF) receptor-1 and TNF-related apoptosis-inducing ligand receptor-1 and -2, the Fas-mediated apoptosis-signaling pathway has been well studied (10) . Upon binding of FasL to Fas on the cell surface, Fas is oligomerized, and Fas-associated death domain (FADD) and caspase-8 are recruited to form a death-inducing signaling complex (DISC) (11) . Death signals are then transduced through the caspase and/or mitochondrial pathways. Recently, human lymphoid cell lines and tumor cell lines were classified into two types, type I and type II cells, by the modes of Fasmediated apoptosis-signaling pathway (12, 13) . For type I cells, caspase-8 is recruited to form DISC, resulting in a release of activated caspase-8, which can activate caspase-3. In type II cells, not enough DISC is found. The efficiency of DISC formation is very important for classification into the two cell types. As apoptosis in type II cells is blocked by overexpression of Bcl-2, the Fas-mediated apoptosis-signaling pathway in type II cells is considered to occur mainly through the mitochondrial amplification loop (12) . On the other hand, it has been reported that Bcl-2 did not protect mouse lymphocytes and hepatocytes from Fas-mediated apoptosis in vivo (14) and Bid (a protein of the Bcl-2 family)-deficient mice were resistant to Fas-mediated hepatocellular apoptosis in vivo (15) , indicating that blocking effects of Bcl-2 to Fasmediated apoptosis in vivo may vary according to the cell type and conditions. In this regard, the efficiency of DISC formation is important for classification of type I and type II cells. However, the precise characterization of the two types in apoptosis induction and application in human primary cells has not been fully elucidated.
Apoptosis-inducing therapy using anti-Fas antibody was shown to be a powerful strategy in mouse autoimmune disease models (7, 16) . However, administration of anti-mouse Fas antibody Jo-2 caused fulminant hepatitis in mice, indicating that certain anti-Fas antibodies may cause adverse effects in the liver (17) . Therefore, it is necessary for therapeutic anti-Fas antibodies to induce apoptosis selectively in pathogenic cells including autoreactive lymphoid cells. We obtained a novel anti-human Fas antibody, m-HFE7A (18) , and succeeded in humanizing m-HFE7A to create R-125224 (h-HFE7A) by Complementarity Determining Region (CDR) grafting (19) . R-125224, which induced apoptosis in not only human Fas-expressing cells but also synovial lymphocytes from rheumatoid arthritis (RA) patients when cross-linked, had a therapeutic effect in an in vivo RA model (20) , and suppressed osteoclastogenesis in RA synovial tissues (21) . In the present study, we report that R-125224 showed apoptosis-inducing activity in type I cells including activated lymphocytes, but not in type II cells including hepatocytes both in vitro and in vivo.
Methods

Anti-human Fas antibodies and soluble FasL
R-125224, a humanized anti-human Fas mAb, was produced from NS0 cells harboring R-125224 cDNA and purified by column chromatography (19) . Anti-human Fas antibodies, CH-11 (IgM type) and APO-1-3 (IgG 3 type), were purchased from MBL (Nagoya, Japan) and Alexis, respectively. Soluble Fas ligand (sFasL) was purchased from Kamiya Biomedical Company. This recombinant protein contains the extracellular domain of human FasL fused to a linker peptide and a FLAG tag at the N-terminus. Anti-human IgG (anti-hIgG), protein A and anti-FLAG M2 antibody (anti-FLAG) were purchased from Biosource, Wako Pure Chemical and Stratagene, respectively.
Cell cultures
H9 (human T cell line, HTB-176), SKW6.4 (human B cell line, TIB-215) and Jurkat (human T cell line, CRL-2570) cells were purchased from American Type Culture Collection. HPB-ALL (human T cell line) and WR19L12a (murine cell line into which human Fas cDNA has been introduced) cells were kindly provided by S. Yonehara (Kyoto University). All cell lines were maintained in RPMI 1640 medium containing 10% fetal bovine serum (FBS), penicillin (50 units ml ÿ1 )-streptomycin (50 lg ml ÿ1 ) and 55 lM of b-mercaptoethanol (R10F) at 37°C. Human PBMCs from healthy volunteers were isolated by layering on a Ficoll-Paque density gradient followed by centrifugation at 18°C for 30 min. PBMCs were diluted to 2.0 3 10 6 cells ml ÿ1 in R10F, and incubated in tissue culture flasks for 1 h at 37°C. Non-adherent cells were collected and incubated in R10F with 20 ng ml ÿ1 anti-human CD3 antibody (BD PharMingen) at 37°C for 3 days. After medium was changed, the cells were incubated in R10F with 10 ng ml ÿ1 human IL-2 (Genzyme) at 37°C for another 4 days to obtain activated human lymphocytes. Non-adherent cells obtained above were used as non-activated lymphocytes.
Human hepatocytes were purchased from Tissue Transformation Technologies. Frozen human hepatocytes were thawed quickly at 37°C. After centrifuging the hepatocyte suspension at 4°C for 3 min, the supernatant was aspirated and the precipitated hepatocytes were re-suspended in icecold complete nutrient culture medium. These hepatocytes were incubated in a flask coated with collagen (CL) type I (Asahi Techno Glass, Funabashi, Japan), and maintained in complete nutrient culture medium at 37°C. The use of human lymphocytes and hepatocytes was approved by the Sankyo Ethical Committee.
Preparation of activated cynomologus monkey lymphocytes was as follows. Each sample of peripheral blood was treated with 6% dextran and the mixture was incubated at room temperature for 80 min, purified and activated using the same procedure as that for the preparation of the activated human lymphocytes.
Cell viability measurement
The human lymphoid cell lines (5.0 3 10 4 cells per well) and activated human lymphocytes and non-activated human lymphocytes (2.0 3 10 5 cells per well) were treated with sFasL and anti-FLAG or R-125224 on a 96-well plate at 37°C for 20 h. For the R-125224 treatment group, wells were precoated with anti-hIgG. Human hepatocytes (7.5 3 10 4 cells per well) were incubated on a 96-well plate coated with CL type I at 37°C for 4 h to adhere the cells to the bottom of the wells. For the sFasL treatment groups, the cells were further incubated with sFasL and anti-FLAG. For the R-125224 treatment groups, R-125224 was added and the adherent cells were incubated at 37°C for 1 h. After removing the media by very gentle aspiration, R10F or anti-hIgG in R10F was added and the cells were further incubated at 37°C for 20 h. Cell viability was determined by the XTT method (20, 22) . Data are expressed as the mean and SD of triplicate determinations. The statistical analysis of the cell viabilities of treatment groups compared with those of control groups was performed by the Student's t-test. A P value of <0.01 was considered to be statistically significant.
Western blotting analysis and DISC formation
Cells were lysed in lysis buffer [20 mM HEPES, pH 7.4, 150 mM NaCl, 5 mM EDTA, 10% glycerol, 0.5% Triton X-100, 1 lg ml ÿ1 Pefabloc SC (Roche), 2 lg ml ÿ1 aprotinin, 2 lg ml ÿ1 leupeptin and 2 lg ml ÿ1 pepstatin A]. Protein concentrations of cell lysates were determined using a BCA protein assay reagent kit (Pierce). Twenty micrograms of protein was separated by SDS-PAGE. These membranes were incubated with each primary antibody and HRP-conjugated secondary antibody, and specific bands were detected using ECL kit (Amersham Bioscience). Anti-human Fas (clone: C-20; Santa Cruz) and anti-human Bid (Santa Cruz), anti-human FADD and antihuman caspase-3 (BD PharMingen) and anti-human caspase-8 (MBL) were purchased.
For the detection of DISC, H9 and HPB-ALL cells (2.0 3 10 7 ), activated human lymphocytes (5.0 3 10 7 cells) and human hepatocytes (1.0 3 10 7 cells) were treated with 100 ng ml ÿ1 of sFasL with anti-FLAG for 30 min at 37°C or incubated for 30 min at 37°C (control samples). Cell lysates from each sample were incubated with R-125224 for 1 h, and were further incubated with protein-G-coupled sepharose beads (Amersham Bioscience) for 2 h at 4°C and washed four times with the lysis buffer (23) . The samples of the immunoprecipitates or total cell lysates were separated by SDS-PAGE and subjected to western blotting analysis.
Mitochondrial membrane potential
Variations in the mitochondrial transmembrane potential (DWm) during apoptosis were studied using 3,39-dihexyloxacarbocyanine iodide (DiOC 6 ; Molecular Probes). This cyanin dye accumulates in the mitochondrial matrix under the influence of DWm. H9 and HPB-ALL cells (1.0 3 10 6 ) were treated with 1000 ng ml ÿ1 R-125224 in an anti-hIgG-coated 12-well dish for 2-4 h at 37°C or were incubated at 37°C in a non-coated dish (control). These cells were further treated with DiOC 6 for 15 min and analysis was performed using a flow cytometer (FACSCalibur TM ).
Detection of Fas expression
To determine the expression of Fas, 5 3 10 5 cells were incubated with FITC anti-human Fas (clone: DX-2; BD PharMingen) at 4°C for 30 min. FITC mouse IgG 1 was used as a negative control. After washing the cells twice with D-PBS containing 3% FBS and 0.1% sodium azide (FACS buffer), the cells were suspended in FACS buffer containing propidium iodide (PI). Analysis was performed using a flow cytometer. Data in the PI-negative fraction were obtained and the mean fluorescent intensity was calculated.
[ ]-labeled R-125224 and 0.2% BSA (v/v) on ice for 1 h. After incubation, the cell mixture was transferred into tubes containing mixed oils, and was centrifuged to separate the supernatants and cell pellets. The supernatants and pellets were separately collected and subjected to radioactivity measurement with a c-counter using a RIASTAR (Packard). The experiments using human lymphoid cell lines were conducted in duplicate for three independent experiments. Those using activated human lymphocytes and hepatocytes were conducted from each of three individuals. The affinity (Kd) and maximum binding (B max ) were calculated using Scatchard plot analysis.
Detection of Fas clustering
H9 and HPB-ALL cells (5.0 3 10 5 ) and non-activated or activated human lymphocytes (1.0 3 10 6 cells) were treated with Cell Tracker TM Orange CMTMR (CMTMR; Molecular Probes) for 30 min at 37°C and washed twice (25) . The cells were treated with R-125224 for 1 h on ice and washed twice. The cell pellet was treated with FITC anti-hIgG (Biosource) for 1 h on ice. The cells were incubated at 37°C for the indicated times (stimulated group) or kept on ice (control group) and washed twice. The cell pellet was fixed for 20 min on ice and washed once. Drops of these cell solutions were placed onto slides coated with poly-L-lysine and these slides were viewed using an OLYMPUS confocal laser scanning microscope, FV500, with 320 objective lens. Fas clustering was judged as positive when more than two concentrated fluorescent yellow signals or when one concentrated signal that was larger than one-eighth of the cell surface of a single cell was observed. Total cell numbers (CMTMR-positive cells) and cells with Fas clustering were counted in a blinded manner. Data are expressed as the mean and SD. The statistical analysis of Fas-clustering cells of the treatment groups compared with those of the control groups and of the treatment groups in H9 cells compared with those of HPB-ALL cells was performed by the Student's t-test. A P value of <0.01 was considered to be statistically significant. To study Fas clusters formed onto lipid rafts, H9 cells were treated with R-125224 and cholera toxin B subunit conjugated to rhodamine (List Biological Laboratories) for 30 min on ice and washed. The cell pellet was treated with FITC anti-hIgG for 30 min on ice and further incubated at 37°C for 15 min.
Studies of human PBMCs reconstituted in mice
Male CÁB-17/Icr Crj-scid bgBR (SCID-bg) mice were purchased from Charles River Japan, Inc., and used at the age of 7 weeks. For detection of Fas and CD69 on human PBMCs in a SCID-Hu PBMC model, 2 days before human PBMC transfer, SCID-bg mice were irradiated. Human PBMCs (5.0 3 10 7 ) were transferred to mice on day 0, then the PBMCs themselves were analyzed for expression of human CD3, Fas and CD69. On day 14 after PBMC transfer, cells from mouse spleen were analyzed.
Human PBMCs prepared from seven volunteers were transferred to mice intravenously from the tail vein, and then the mice were allocated randomly to each dosing group (control; D-PBS, R-125224: 0.008, 0.04 and 0.2 mg kg ÿ1 ) while avoiding allocating the mice to which the same PBMC had been transferred to the same dosing group. One day after the human PBMC transfer, each dose of R-125224 or D-PBS was administered intravenously. The number of mice in each group was as follows: control, five; R-125224 0.008 mg kg ÿ1 , five; R-125224 0.04 mg kg ÿ1 , five, and R-125224 0.2 mg kg ÿ1 , four. On day 5 after human PBMC transfer, the mice were sacrificed by exsanguination, and the spleens were obtained and minced. After bursting the RBCs, single-cell suspensions were washed twice and counted. Cells were incubated with purified anti-mouse CD16/CD32 to block mouse FcRs at 4°C for 10 min, and stained with FITC anti-human Fas and PE antihuman CD3 at 4°C for 30 min. Analysis was performed using a flow cytometer, and data are expressed as the percentage of the control and SE.
For the statistical analysis of the number of human CD3 + Fas + cells in the spleens of SCID-bg mice, the linear mixed model was applied with 'dose' as a fixed effect and 'human' as a random effect. 
Studies of cynomologus monkeys
Male cynomologus monkeys (n = 6) were used at the age of 21-27 months. R-125224 at 6 mg kg ÿ1 was administered intravenously to each monkey (day 0). Blood sampling was done on day ÿ3 (control) and day 15. Aspartate aminotransferase (AST) and alanine aminotransferase (ALT) levels detected in the serum samples were analyzed with a Hitachi 917 clinical chemistry analyzer. Data are expressed as the mean and SD. The statistical analysis of AST and ALT levels in the serum samples was performed by the Student's t-test. A P value of <0.05 was considered to be statistically significant.
Results
Cell selectivity of apoptosis induction by R-125224 treatment but not sFasL or other anti-human Fas antibodies in human lymphoid cell lines R-125224 induced apoptosis in human Fas-expressing cells, WR19L12a (XTT method) (20) , detected by the terminal deoxynucleotidyl transferase-mediated deoxyuridine triphosphate-biotin nick end-labeling and Annexin V/PI methods (26) by flow cytometer (data not shown). To characterize Fasmediated apoptosis in human lymphoid cell lines, we used four human lymphoid cell lines (H9, SKW6.4, HPB-ALL and Jurkat cells). R-125224 induced apoptosis in H9 and SKW6.4 cells at 1000 ng ml ÿ1 when cross-linked with anti-hIgG (Fig. 1A) . On the other hand, R-125224 induced almost no apoptosis when cross-linked with anti-hIgG in HPB-ALL or Jurkat cells. In separate experiments, we tested up to 10 lg ml ÿ1 of R-125224 with no apparent apoptosis (data not shown). These cell lines are sensitive to Fas-mediated apoptosis because sFasL at 100 ng ml ÿ1 cross-linked with anti-FLAG induced apoptosis in allthe four lymphoid cell lines (Fig. 1B) . We also examined the apoptosis sensitivity to other anti-human Fas antibodies, CH-11 and APO-1-3 (1, 2). In all four lymphoid cell lines, both CH-11 alone and APO-1-3 crosslinked with protein A induced apoptosis (Fig. 1C) . These results suggest that R-125224 is a novel anti-human Fas antibody with the cell selectivity different from CH-11 and APO-1-3 in human lymphoid cell lines. In apoptosis induction by R-125224, different cross-linkers such as anti-hIgG and protein A did not change the cell selectivity profile (data not shown).
Apoptosis induction by R-125224 treatment in human primary cells
We examined whether R-125224 induces apoptosis in human primary cultured cells, activated human lymphocytes, nonactivated lymphocytes and human hepatocytes. First, we examined the sensitivity of Fas-mediated apoptosis in human lymphocytes activated with anti-human CD3 antibody and IL-2. sFasL reduced the viability of activated lymphocytes when cross-linked with anti-FLAG, indicating that these cells were sensitive to Fas-mediated apoptosis under these conditions ( Fig. 2A) . R-125224 reduced the viability of activated lymphocytes at 1000 ng ml ÿ1 when cross-linked, but R-125224 did not reduce the viability when not cross-linked (Fig. 2A) . Neither sFasL cross-linked with anti-FLAG nor R-125224 cross-linked with anti-hIgG reduced the cell viability of non-activated human lymphocytes (Fig. 2B) . So activation of lymphocytes converts to sFasL-sensitive and R-125224-sensitive status. Next, we examined the sensitivity to R-125224-induced apoptosis of human primary hepatocytes. Reduction in cell viability of hepatocytes was observed after the treatment of sFasL with anti-FLAG, indicating that these cells were sensitive to Fas-mediated apoptosis (Fig. 2C) . On the other hand, R-125224 at 1000 ng ml ÿ1 with or without antihIgG did not reduce the cell viability of hepatocytes (Fig. 2C) .
In separate experiments, we tested apoptosis induction in non-activated lymphocytes and hepatocytes up to 10 lg ml ÿ1 of R-125224 with no apparent apoptosis (data not shown). These results indicate that activated lymphocytes are sensitive to sFasL-induced and R-12522-induced apoptosis, whereas human hepatocytes are sensitive to sFasL-induced apoptosis but insensitive to R-125224-induced apoptosis. 
DISC analysis in various human cells
We examined the formation of DISC in H9 and HPB-ALL cells during the treatment with sFasL. Recruitment of FADD and caspase-8 to the Fas molecule was detected in sFasL-treated H9 cells, but not in the non-treated control (Fig. 3A and B) . On the other hand, recruitment of FADD and caspase-8 to Fas was barely observed in HPB-ALL cells (Fig. 3A and B) . These results indicate that H9 cells are type I cells and that HPB-ALL cells are type II cells according to classification based on the efficiency of DISC formation (12) . Next, we examined the formation of DISC in activated human lymphocytes and human hepatocytes. In each kind of primary cell, Fas was almost equally detected in the control cells or sFasL-stimulated cells (Fig. 3C ). Caspase-8 was detected in the DISC of the activated human lymphocytes (Fig. 3C) . On the other hand, little binding of caspase-8 to activated Fas was detected in any sample of human hepatocytes under the present conditions (Fig. 3C) . Moreover, proteolytic cleavage forms of caspase-8 (p43 and p41), which is formed after Fas stimulation, were included in the DISC components of activated human lymphocytes as well as H9 cells. These results indicate that activated human lymphocytes are type I cells and that human hepatocytes are type II cells.
Effect of Fas-mediated apoptosis-signaling pathways by R-125224 treatment on type I and type II cells
To study the mechanism for the cell selectivity in apoptosis induction by R-125224, we examined the cleavage of caspase-8, caspase-3 and Bid that is the main mediator in apoptosis signal transduction between the caspase and mitochondrial pathways (27, 28) in H9 and HPB-ALL cells. Decreases in caspase-8, caspase-3 and Bid and appearance of activated forms of caspase-3 were detected in H9 cells but not HPB-ALL cells by R-125224 treatment from 2 to 4 h (Fig. 4A) . Decreases in caspase-8 and Bid were detected in HPB-ALL cells by sFasL and anti-FLAG treatments, thus Fasmediated apoptosis-signaling pathways worked normally in HPB-ALL cells (Fig. 4B) . We also detected a reduction in DWm in H9 cells by R-125224 cross-linked with anti-hIgG (Fig. 4C) . On the other hand, in HPB-ALL cells, almost no reduction in DWm was observed (Fig. 4C) . These results indicate that a difference in the R-125224-induced signaling pathway between H9 and HPB-ALL cells exists upstream of caspase-8 activation.
Fas expression in various human cells
We examined the Fas expression by flow cytometry using FITC-labeled anti-human Fas in four human lymphoid cell lines. H9 and SKW6.4 cells expressed more Fas than HPB-ALL and Jurkat cells (Fig. 5) . Fas expression levels were a little higher in activated lymphocytes than in non-activated lymphocytes and it was not possible to detect Fas expression in human hepatocytes as these cells had a high background (data not shown). For quantitative measurement of Fas expression, we examined the binding of [ of sites per human hepatocyte was similar to that per activated human lymphocyte (Table 1 ). In general, the diameter of hepatocytes is~20-30 lm and that of lymphocytes is~10 lm, and the hepatocytes, we used in our experiments, were clearly larger than the activated lymphocytes under an optical microscope (data not shown). These results indicate that the density of Fas expression over a cell-surface area in activated lymphocytes is higher than that in hepatocytes.
Fas-clustering activity in human lymphoid cell lines and lymphocytes
Fas has been reported to form clusters at the cell surface in a ligand-dependent fashion in type I cells (29) . To examine the correlation between the apoptosis-inducing activity and the formation of Fas clustering by R-125224 treatment, we compared the activity of Fas clustering in H9 and HPB-ALL cells using a confocal laser microscope. In H9 cells, Fas clustering was detected after the treatment with R-125224 and FITC anti-hIgG for 30 min at 37°C but not on ice (Fig. 6A  and B) . On the other hand, in HPB-ALL cells, a little Fas clustering was observed (Fig. 6A and B) . Similarly, Fas clustering was detected in SKW6.4 cells as in H9 cells but not in Jurkat cells (data not shown).
Lipid rafts, which are liquid-ordered microdomains enriched with sphingolipids and cholesterol, serve as signaling platforms for TCR and BCR (30) . The multivalent binding of ligands to these receptors induces the oligomerization of the receptors; the oligomer has a higher affinity for lipid rafts. Many reports also indicate that these microdomains are important for the efficiency of signaling and composition of receptor signaling complex in Fas-mediated apoptosis (31) (32) (33) (34) . To study Fas clusters formed onto lipid rafts, we examined co-localization of Fas clusters and the raft-associated sphingoglycolipid GM1 in H9 cells. Fas clusters of H9 cells by R-125224 cross-linked with FITC anti-hIgG were co-localized with patches of cholera toxin B subunit conjugated to rhodamine (30, 35) , which bound to GM1 (Fig. 6C) .
Next, we examined the ability of Fas clustering in primary cultured cells, which are non-activated and activated human lymphocytes. Although Fas clustering was detected with R-125224 and FITC anti-hIgG in non-activated and activated human lymphocytes (Fig. 6D) , more Fas clusters in activated lymphocytes were observed than in non-activated lymphocytes. Non-activated lymphocytes, in which apoptosis had not been induced by R-125224 with anti-hIgG (Fig. 2B) , were reported to be type II cells (36) . These results also suggest that type I cells form Fas clusters by R-125224 treatment more easily than type II cells do.
Effects of R-125224 on human activated T cells reconstituted in mice
Next, we examined apoptosis induction by R-125224 in vivo using a functional human immune system reconstituted in SCID mice (37) . SCID-bg mice were used as xenograft recipients, and human PBMCs were transferred intravenously (SCID-Hu PBMC model). SCID-bg is a strain of double-mutant mice which has impaired lymphoid development and reduced NK cell activity (38) and is considered to be useful as a xenograft recipient. In this model, increased expression of Fas and/or CD69, the activation marker of lymphocytes, was observed in human PBMCs 14 days after transfer as compared with the original PBMCs themselves (Fig. 7A ). Using this model, the effect of R-125224 on the percentage of human CD3 + Fas + cells in the spleen of SCID-bg mice in which the PBMCs transferred was determined. R-125224 treatment significantly reduced the number of human CD3 + Fas + cells at doses of 0.04 mg kg ÿ1 (P = 0.0291) and 0.2 mg kg ÿ1 (P = 0.0049) as compared with the control group (Fig. 7B) . These results indicate that R-125224 treatment reduced the number of activated human Fas + T cells in a SCID mouse model even at the low dose of 0.04 mg kg ÿ1 in vivo. 
Effect of R-125224 on liver damage in cynomologus monkeys
To examine the hepatotoxic effects of R-125224 in vivo, we selected the cynomologus monkey as an animal model. The reason was that R-125224 binds to cynomologus monkey Fas (data not shown), and sFasL cross-linked with anti-FLAG and R-125224 cross-linked with anti-hIgG also induced apoptosis in activated lymphocytes of cynomologus monkeys as well as those of humans (Figs 2A and 8A ). AST and ALT levels as liver damage markers in serum samples of 6 mg kg ÿ1 R-125224 treatment group did not change to those of the control group up to a 15-day observation period (Fig. 8B) .
Discussion
We show three important findings in this study. The first finding is that sFasL-induced apoptosis-sensitive cells, both cell lines and primary cells, were classified into two types based on their sensitivity to R-125224-induced apoptosis and this classification is consistent with type I and type II cells. The second finding is that activated lymphocytes are classified as type I cells and R-125224-sensitive cells, whereas hepatocytes are classified as type II cells and R-125224-insensitive cells. The third finding is that these selectivities for activated lymphocytes and hepatocytes were also shown in animal models.
H9 and SKW6.4 cells and activated human lymphocytes were sensitive to R-125224-induced apoptosis, but HPB-ALL and Jurkat cells and human hepatocytes were insensitive. Interestingly, the former cells were classified as type I cells, and the latter cells were classified as type II cells (Figs 1-3 ). These data suggested that the cells which are sensitive to R-125224-induced apoptosis corresponded to type I cells, and the insensitive cells corresponded to type II cells, not only in cell lines but also in primary cells. To our knowledge, this is the first study in which Fas-mediated apoptosis selectivity between type I and type II cells has been applied in different human primary cells by DISC formation analysis.
Many reports indicated that lipid rafts are important for the efficiency of signaling and composition of receptor signaling complex in Fas-mediated apoptosis, although the requirement for lipid rafts varied widely according to the cell type and/or experimental conditions in each study (29, (31) (32) (33) (34) . In our experiments, three pieces of evidence suggested the importance of lipid rafts in Fas-mediated apoptosis signaling of type I cells (Fig. 6) . First, Fas clusters of H9 cells formed by R-125224 were co-localized with the raft-associated sphingoglycolipid, GM1. Second, Fas clustering was detected at 37°C but not on ice in H9 cells. As the temperature of phase transition in biological membranes is thought to occur between 10 and 40°C, our experimental conditions of incubation on ice did not allow translocation of Fas by R-125224 treatment. Third, more Fas clusters in activated lymphocytes were observed than in non-activated lymphocytes. These data also may support that Fas clustering of type I cells by R-125224 treatment depends on lipid raft formation.
We demonstrated that R-125224, when cross-linked, reduced the viability of human lymphocytes activated with antihuman CD3 antibody and IL-2 but not that of non-activated lymphocytes. Moreover, activated lymphocytes have more Fas-clustering activity by R-125224 than non-activated lymphocytes. Re-stimulation with anti-human CD3 antibody in activated human CD4 + T cells was associated with a rapid distribution of Fas into lipid rafts and the sensitivity of Fas-mediated apoptosis (33) . Upon cross-linking of TCRs associated with rafts, lipid rafts become larger, microscopic and more stable structures, often attached to the actin cytoskeleton (30) . As treatment of cytochalasin D, inhibitor of actin polymerization, blocked R-125224-induced apoptosis in H9 cells (data not shown) and CH-11-induced apoptosis in activated human lymphocytes (39) , the stable structures of lipid rafts may be an important place for Fas-mediated human T cell apoptosis. How can the apoptosis selectivity of R-125224 be explained between type I cells and type II cells? One explanation could be the different binding sites of Fas between R-125224 and FasL. FasL likely binds to trimerized Fas from the inside based on the predicted three-dimensional structure, which is modeled based on the crystal structure of TNFb and TNFR-1 complex (19, 40, 41) . On the other hand, R-125224 likely binds to Fas from the outside as a linear epitope of R-125224 (41). These results suggest that the portion of the binding sites of the Fas clusters may influence the cross-linking effects of R-125224, and the distance between Fas clusters affects the efficiency of apoptosis induction. In fact, Fas expression levels correlated with R-125224-mediated apoptosis selectivity in all tested cells (Figs 1, 2 and 5 and Table 1 ). Another explanation may be that conformational changes of Fas by R-125224 treatment lead to translocation into lipid rafts easily. A recent report by Muppidi and Siegel (33) suggested this possibility. They reported that pre-associated Fas is preferentially distributed within lipid rafts, and the presence of Fas in lipid rafts enhances apoptosis-signaling efficiency in type I cells but not in type II cells, although the precise mechanisms of Fas translocation into rafts have not been fully clarified. More recently, Gajate et al. (42) reported that the synthetic ether phospholipid ET-18-OCH 3 induces clustering of Fas into lipid rafts with intracellular triggering and apoptosis. The finding in this report may also support that R-125224 cross-linked with anti-hIgG induces clustering of Fas into lipid rafts with extracellular triggering.
We demonstrated that the effect of R-125224 treatment was not limited to in vitro but was also shown in vivo (SCID-Hu PBMC model). In this model, activated phenotype cells (high expression of Fas and/or CD69) were increased. Because antigen-presenting cells (APCs) are included in human PBMCs, human lymphocytes may be activated and proliferated by human APCs, which recognize peptides derived from mouse components.
An anti-hIgG for cross-linking of Fas seems to be unnecessary for R-125224-induced apoptosis activity in vivo. We also demonstrated that R-125224 did not affect liver damage markers, AST and ALT, in cynomologus monkeys. These results are consistent with the results that hepatocytes (type II cells) were not induced apoptosis by R-125224 in vitro. Recently, Eichhorst et al. (44) reported the anti-apoptotic effect of suramine, whose effects seemed to be only in type II and not in type I cells, and its inhibitory effect on Fas-induced fulminant liver failure in mice. Fas-mediated apoptosisinducing therapy using R-125224, which has type I specificity, would be an effective treatment against autoimmune diseases such as RA without side effects in the liver. 
